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" LEAD SUSCEPTIBILITY OF PARAFFINS, CYCLOPARAFFINS, AND OLEFINS

By Henry C. Barnett

SUMMARY

General relationships for the lead susceptibilities of paraf-
fins, cycloparaffins, and olefins are presented. Methods are
described by which the lead response maey be estimated for these
hydrocarbon classes, whether the lead response is Indicated by
octane number, critical compression ratioc, or indicated mean sffec-
tive pressure as limlted by knock.

INTRODUCTION

Two disadvantages cf the octane scale are the nonlipear
nature of the curve and the discontinuity of the scale at 100~
octane number. Heron and Beatty (reference 1) have made a sig-
nificant approach to the correction or el!mination of these dif-
ficulties by showlng thet, for supercharged -fuel tests, the relation
between the reciprocal c¢f indicated mean effectlve pressure and
octane numher is a straight line. Recent data from The Ethyl
Corporation uphold thls fact, as shown In f'gure 1. In figure 2
the same deta are plotted using the indiceted mean effective pres-
sure instead of 1ts reclprocal. The two curves in figures 1 and 2
can be represented by the equatlon of an equllateral hyperbola

P (125 - N) = 3520 ()
where
P .maximum perﬁussible indicated mean effective preassure

N supercharged octane number

The relation between critical compression ratio and A.S.T.M,
(Motor) Matrod octane number can also he ropressnted by the equa-
tion for a Lyperbcla. Thims relation ie illvswreted in figure 3.
The ourve in figure 3 was caloulated from figure 1 of reference 2
vwhich shows the relationship between hrelght of compression chamber
and A.S.T.M. (Motor) Method octane number. The points on the ocurve



in figure 3 are experimental péints from reference 2, The hyperbollc
equation for the curve 1ln flgure 3-is

(R -'3.3) (125 - N,) = 125 (2)
where
R critical compression ratio
N; CA.S.T.M. (Motor) Mpthod octane number

The asymptotes for the curve in figure 3 are 3.3 criticeal compres-
slon ratio and 125 A.S.T.M. (Motor) Method octane number. Since

the asymptotes for figure 3 are finite numhers, no stralght-line 3
relation can exist between the reciprocel of critical compression
ratio and octane number.

It has been shown in unpublished deta from this laboratory that,
for the relatlonship of critical compression ratio to octane number,
nelther of these asymptotes 1ls constant when engine conditions are
varied. On a supercharged CFR engine (reference 1) 1t was found,
however, that the relationshlip between the Inverse indlcated mean
effective pressure and the supercharged octane number remained linear
but changed in slope as englne conditlons were varled. It follows
from thls fact that the curve ln figure 2 will change 1n position
if englne conditions are varied but that, regardless of engine condl-
tions, the curve will remain asymvtotic to zero indicated mean effectlve
pressure.

.In figure 4 are plotted data obtained by the A.P.I. Heron and
Beatty (reference 1) intervreted lead response (gain of octane number
per ml of tetraethyl lead) in terms of straight lines by using a
plot similar to figure 4. A relation between figures 3 and 4 may
be shown by extending the lines in figure 4 untll they Intersect at
125-octane number. If both scales of figure 4 were converted to
critical compression ratios, the point of Intersection of the curves
would be at a compression ratio of 3.3, as wlll be shown later.

These points of intersection are the asymptotes of figure 3.

The existence of a stralght-line relationshlp, such as shown in
flgure 4, has been previously used to shcw lead rcsponse in terms of
octane number. It 1s, however, more desirable to have lead response
defined In terms of increase in indicated mean effective pressurs or
Increase in critical compression ratio. These last two methods have
been used in the present analysls.




DISCUSSION OF RESULTS

--- .. Supercharged-~engine-test -data. - By- use -of - the available
data, an analysis has been made of the lead response of the paraf-
fine, cycloparaffins, and olerins. The lead -response may be rep-
resented as a straight line by plotting indiceated mean effectlve
pressures of ‘the pure fuels agalnst indicated mean effective pres-
sures of the -leaded fuels. This method is used in figures 5
through 14 with the exception of figure 12. The data in fig-
ures 5 through 14 wore taken at the engine condltions shown in
figure-1. In flgure 5 the response of -the pentanes to 1.0 mil-
liliter of ‘tetraethyl lead 1s -shown. - A stralght line drawn through
these polnts intersects the- 45° 1ine at zero indicated mean effective
pressure. :The ‘intersectlon ls alsd at zero for the hexanes, hep-
tanes, octanes, and nonanes shown in figures 6, 7, 8, and 3, res-
pectively. . .

The lead response of all the paraffins can be represented
by a single straight line, as shown in flgure 10. It is obvious
that the compound having the highest permissible indicated mean
effective pressure in the pure state has the greatest lead response.
The passage of the line of constant lead concentration in fig-
ure 10 through the origin shows that the percentage increase in
power for 1.0 milliliter of tetiraethyl lead per gallon is constant
for all paraffins. Heron and Beatty (reference i) found this
statement to be true for 6. O-milliliter additions or tetraethyl
lead.

- - The susceptibility of isooctane to various quantities of
tetraethyl lead is-shown in figure 11. It ls possible that the
lead response of all the parafrins may be represented by a chart
8lmllar to figure 11, but the positlon of the lines for constant
tetraethyl -lead concentrations other than I milliliter cannot be
verified from the avallable data.

In figure 12 the date from flgure 11 are pluotted as percentage
power baped on lOOnperéent poher with isooctane agalnst milliliters
of tetraethyl lead. -On- the same figure are plotted values chosen
by the Army Air Forces at'Wrisht Field +to define the antiknock
requirements of pursuit-grade aviation fuels ln terms of per-
formanée mumbers. The performunce numbers are plotted on the same
ssale uged' for the power percentages.: The values of performance
number carn be represented by the following equetion of a hyperbola:

232
P =187.9 - =2 3
} n .o 2.65 + L (3)



where

Pn performance number

L milliliters of tetraethyl lead per gallon

- The curve drawn through the points in figure 12 is calculated
from equation (3). The data from figure 1l are in close agreement
with this curve.

There are insufficlent data to definitely establish the sus-
ceptibilities of the cycloparaffins (fig. 13) and olefins (Pig. 14).
When figures 12, 13, and 14 are compared, the response of the paraf-
fing, cycloparaffing, aend olefins is of the followlng order:

Hydrocarbons Percentage lncrease ime

(ml TEL/gal) | 1.0 2.0 {3.0] 4.0 [5.0 [6.0
Paraffins 26 36 46 51 57 61
Cycloparaffins 23 L L B Y el bl
Olefins 14 mmce |emes [ omce Jumae foee-

The percentage increase in 1ndicated mean effectlive pressure
for the olefins is estimated from dlisobutylene.

A.8.T.M. (Motor) Method data. - It has been shown in the intro-
duction of thls paper that the curve in figure 3 may be represented
by a hyperbola asymptotic to a critical compresslion ratio of 3.3 and
an octane number of 125. It has also been shown that the stralght
lines 1n figure 4, 1f extended, would intersect at an octane number of
125. When the ratings shown in figure 4 are converted to critical com-
pression ratios by figure 3, stralght llnes are obtalned. These lines
intersect at & critical compression ratio of 3.3 for the paraffins,
cycloparaffins, or olefins,

By the use of critical compression ratlos, an analysis simllar
to that of supercharged-test-engine data has been mede for the
available hydrocarbon ratings. The lead susceptlibllitles of the
pentanes, hexanes, heptanes, and octenes are shown in figures 15,
16, 17, end 18, respectively. As shown in figures 19 and 20, the
lead response of the paraffins may be represented by single stralght
lines for 1.0 and 3.0 milliliters of tetraethyl lead, respectively.
The equation for these stralght lines of constant tetraethyl-lead
concentration 1is

RL=KR-5.3(K-1) (4)




. a

where

.. -By:. oritical compression ratio. of leaded fuel - - =~ - - - --

R ¢tritical ooﬁpression ratio of pure fuel
X slope of 1ine of consfant tetraethyl-lead concentration

The cycloparaffins (figs. 21 and 22) may also be represented

by a single stralght line. The lead susceptibility of the olefins

shown in figures 23 and 24.1s affected by the position of the

. double bond. Until more data are available, the accuracy of the

lines of constant lead concentratlon cannot be established. When
these two figures are compared, it may be said that the octenes
having the double bond in the 2 positlion have greater lead response
thah those with the double bond :in the 1 position.

For each group of hydrocarbons there will be a dlfferent value
of K for equation (4). PFrom ligures 19, 20, 21, 22, 23, and 24
the following values of K have been determined:

Value of K
Hydrocarbon —
for 1.0 ml for 3.0 ml
Paraffins 1.54 1.87
Cycloparaffins 1.24 1.41
Octene - 2 1.22 1.33
Octene - 1 1.13 1.30

Since K 1is the slope of the line of constant tetraethyl-lead
concentration, 1t is necessary to determine the lead reasponse of
cnly one oompound in a particular hydrocarbon classiflcgtion in
order to estimate the lead response of other comnrounds of the same
type from their pure ratings. The variation of K with tetraethyl -
lead concentration 1s shown in figur. 25.

In figures 19, 20, 21, 22, 23, 'and 24 theé straight lines
intersect at-a critic¢al compression ratio of 3.3. It seems
likely that this point of intersection is fixed for all hydro-
carbon types for A.S.T.M. (Motor): Method engine conditions.
Unlike supercharged date in which the percentage increase In

-power 1s constant for a given quantity.of tetrasthyl lead

regardless of the pure fuel rating, the percentage increase
in critical compression ratio for a glven quantity of tetraethyl



lead varies with the pure fuel ratings. This variation 1is 1llus-
trated for the paraffins by the curves in figure 26, which are cal-
culated from figures 19 and 20. The fact that the percentage )
increase of critical compression ratio 18 not constant adds to the
difficulty of interpreting A.S.T.M. (Motor) Methnd ratings.

CONCLUSIONS

The followling conclusions may be drawn from the results presented
in this report:

1. For supercharged-engline tests, the percentage increase in
permisgsible indlicated mean effective pressure for a given amount
of tetraethyl lead per gallon was constant for the paraffins. This
result was also true for the cycloparaffins.

2, For a 1.0-milliliter addition of tetraethyl lead per gallon,
the power Increase was about 26 percent for paraffins and 23 psrcent
for cycloparaffins at the supercharged-engine condlitions examined.
An increase of 15 percent was determined for the olefins hased on
one rating for dllsobutylens.

3. At A.S.T.M. (Motor) Method engine conditions, the following
equation may be used to estimate lead response:

R KR -3.3(K-1)

o=
where

RL critlcal compression ratio of leaded fuel
R critical compresslon ratio of pure fuel

K slope of line of constant tetraethyl-lead concentration

For a 1.0-milliliter addition of tetraethyl lead, the value K
obtained for the paraffins is 1,34; for the cycloparaffins, 1.24;
for octenes with double bond in the 2 position, 1.22; and for octenes
wilth doudble bend in the 1 position, 1.13. For a 3.0-milliliter add-
tion, the values of K obtained for the same compounds 1s 1.57, 1.41,
1.33, and 1.30, respectively.

Alircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio,
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Figure 2.~ Variation of indicated mean effective pressure with

octane number at supercharged-engine~test conditions.
The 17.6 engine; engine_speed, 900 rpm; intake-air temperature,
225 ¢ 3 F; coolant inlet temperature, 300 # 5 ¥y compression
ratio, 5,63 fuel-air ratio, approximately 0.070.
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